To evaluate the topical effects of mitomycin C (MMC) in rats, with or without esophageal dilation, in different moments after esophageal caustic injury with NaOH10%.
Introduction
The ingestion of caustic substances occurs mainly by patients in the pediatric age group, where the esophageal stenosis is the main complication 1 . Esophageal dilation is the treatment of choice 2 .
Several substances have already been tested in cases refractory to dilation but with unsatisfactory results 3 . Mitomycin C (MMC), a chemotherapeutic agent that inhibits protein synthesis and the proliferation of fibroblasts, has been used successfully in cases of esophageal stenosis that are refractory to dilation 4-5 , including the Pediatric Digestive Endoscopy at Botucatu Medical School 6 . However, there are few experimental studies describing how this substance interacts with damaged tissue and the best time window for its use after caustic injury [7] [8] [9] . The purpose of this study was to evaluate the effects of the topical application of MMC in rats, with or without associated esophageal dilatation, at different moments after the induction of a caustic oesophageal lesion by NaOH10%.
Methods

The study was approved by the Ethics Committee on
Animal Experiments of Botucatu Medical School.
Forty eight male Wistar rats were used on the experiment. 
Techniques
For the procedure of caustic lesion induction the animals were anesthetized with ketamine and xylazine, both at a dose of 100mg/kg of body weight intraperitoneally.
After that, medium laparotomy was performed, with dissection of a 1.5 cm segment of the abdominal esophagus. A 2.0 cotton thread was tied around the gastroesophageal junction to prevent the alkali to reach the stomach while another 2.0 cotton thread was tied around the esophagus just below the diaphragm, to prevent leakage of the corrosive substance to the remainder of the esophagus or respiratory system. Through the probe previously located in the esophagus, 0.2 mL of 10% NaOH solution was injected. The solution remained in contact with the esophageal wall for a 3 minutes period. After this period, the caustic solution was aspirated and the damaged esophageal segments were rinsed with distilled water for 1 minute. The cotton threads and the probe were removed and the laparotomy incision sutured. The animals received 10 ml of saline administered intraperitoneally, were fasted for 24 hours, and fed ad libidum thereafter.
On GmmcD0 animals, after removing the Levine probe, a double lumen catheter 4Fr with cotton inserted at its distal end was passed through the mouth and positioned on the injured esophageal segment. 0.4 mL of MMC 0.1 mg/ml was injected through the catheter, enough to moisten the cotton attached to the distal end.
The MMC remained in contact with the injured esophageal wall for a period of 2 min. Then, the 4Fr catheter was removed and the laparotomy incision was sutured.
On GmmcD14 animals, the double-lumen 4Fr catheter containing cotton at the distal end occurred 14 days after the induced caustic lesion, and was performed under fluoroscopy. The application of MMC was the same as described for the GmmcD0.
On Gdil+mmcD14 animals, before insertion of the double lumen catheter, an esophageal dilatation was performed with 5Fr dilator under fluoroscopy.
All animals were weighed at four evaluation moments; on the 7th, 14th, 21th, and 28th days after surgery. On the 7th and 
Statistical analysis
Analysis of Variances method (ANOVA) followed by Tukey method was used for variables presenting normal distribution and homogeneous variances. On other cases, when necessary, the nonparametric Kruskal-Wallis test followed by Multiple Comparison Method was used. The level of significance applied to the tests was 5%.
Results
Body weight
There was no weight changes significant difference between groups Sham (Gs), control (Gc) and the untreated group (GNT) at all moments studied ( Table 1 ). The groups GmmcD0 and GmmcD14 did not show differences with the groups Gs, Gc and NTG in D7, but showed lower values in D14, with a trend toward recovery in D21 and D28. The group Gdil+mmcD14 did not present differences in D7 compared to the other groups, with lower values for D14 and D21, tending to recovery in D28, but with even lower values than the other groups. The values of the weights between the moments of the same group showed that in all groups was recovery from the initial weight, at D28 (Table 1) . 
Mortality
The rats in the SG and CG remained alive until day 28.
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Esophageal contrast radiography
The esophageal radiological study was performed in two moments: 7th and 21th days postoperatively, where it was observed that mice of SG, which did not suffer any type of surgical procedure, showed no esophageal stenosis or motility dysfunction.
The rats in CG showed mild stenosis on postoperative day 7 and motility dysfunction (slowing of esophageal clearance) on the 21 th postoperative day.
The GNT group, which received caustic soda without any treatment, showed severe stenosis in the first moment, since the distal esophagus presented with smaller diameter and did not allow the passage of contrast into the stomach. The stenosis was maintained, and in some cases even worsened with time.
In GmmcD0, that received MMC at the same moment of caustic injury, all animals presented with total stenosis on day 7, which became partial at day 21 (Figure 1 A -B) .
In GmmcD14, where MMC was applied 14 days after caustic injury, from the 4 animals studied, 2 had partial stenosis on day 7, with improvement at day 21 (Figure 1 C -D) . The other two animals had total stenosis in the first moment, what was maintained at day 21.
In Gdil+mmcD14, all 4 animals showed total stenosis in the first moment. Of these, two progressed to partial stenosis 
Histopathological analysis
Histopathological analysis were performed according to the following criteria: increased collagen in the submucosa, damage in the muscularis mucosa and damage and deposition of collagen in the muscular layer.
We observed that there was a marked increase of collagen in the submucosa in the Gdil+mmcD14, followed by lesser intensity in GmmcD14 and GmmcD0. The CG rats did not show changes in the submucosa.
In assessing the damage only to the muscularis mucosa, the rats of SG and CG showed no damage. In contrast, NTG and Gdil+ mmcD14 rats showed very similar results, both with intense muscularis mucosa damage, followed by GmmcD0 and GmmcD14, where the damage was intermediate.
In the evaluation of the damage and collagen deposition in the muscular layer, once again the rats of SG and CG showed no injury. Rats of GmmcD0 and Gdil+mmcD14 showed a severe damage in the muscular, whereas rats of the NTG and GmmcD14 had slight damage (Figure 2 ). (H&E, 20x) , B: NTGdamage to the muscularis mucosa with little increase in collagen in the submucosa (H&E, 40x), C: GmmcD0 -intense damage to the muscularis mucosa and significant damage and collagen deposition in the muscular layer (H&E, 40x), D: Gdil+ mmcD14 -significant increase in collagen in the submucosa and in the muscular and intense damage to the muscular mucosa (H&E, 40x).
Discussion
The acidental caustic esophageal injury is the most common cause of esophageal stenosis in childhood 1 . In the study of Keskin et al. 10 , sodium hydroxide (NaOH) was the only caustic agent involved in all patients with esophageal stenosis requiring surgical replacement of the organ. Thus, in the experimental studies, NaOH has been used as a caustic agent [8] [9] . Although it has been instilled at different concentrations and different times in the various studies, the most important is the creation of a lesion of enough intensity to cause a stenosis without resulting in perforation of the organ. This was obtained in our research with the application of 0.1 to 0.2 ml of NaOH10% for 3 minutes in the rats' distal esophagus. . These data corroborates with our results.
Mitomycin C decreases fibroblast collagen synthesis, inhibiting the synthesis of RNA and also suppresses cell proliferation at any stage of mitotic cycle, particularly in the late G2 phase. This antineoplastic agent proved to be a strong inhibitor of fibroblast proliferation both in vitro and in vivo [14] [15] . Jang et al. 
Conclusion
The use of topic MMC in this experimental esophageal caustic injury model had benefical effects, especially if used right after the injury.
